conditions is atrophy of the oral mucosa and this I believe to be the most important premalignant condition in the mouth and not necessarily the disease which is superimposed upon it. This atrophy, sometimes associated with diminished flow of saliva, again is the basic common denominator to the predisposition of malignancy in the upper alimentary tract in women with long-standing iron deficiency anmmias. Whereas rarely are carcinomata arising from white patches seen in the mouth, apart from the lips, there are few carcinomata which are not associated with an atrophic mucosa. This atrophic mucosa is identified by its satiny, smooth dry appearance with loss of normal landmarks and subject to excoriations and ulcerations from the slightest trauma or infection. The etiology of this atrophy is, therefore, really more important than the etiology of the superimposed white patch, be it resulting from trauma, smoking, or other causative agents.
Conclusions
The common denominator for the various conditions which are regarded as precancerous in the oral cavity is atrophy of the oral mucosa. In the future, the emphasis will move away from the white patch to the study of the mucosa adjacent to it. The white patch is such a striking clinical phenomenon that just as it has masked the melanin, so it has preoccupied our energies out of all proportion to the studies that should perhaps be made of the accompanying atrophic mucosa.
Paper
The Differentiating Leck 1974 ). This morbidity is common to many communities and world-wide studies give rates of major malformation between 23 and 27 per thousand total births. Neel (1974) suggests that comparable or perhaps higher figures are found for primitive and isolated tribes, suggesting that the urban environment may not be quite as noxious in this regard as many suspect. This general similarity of rates suggests that malformations are an essential part of the human condition. It should be remembered that Witschi (1970) has described how perhaps 70 % of eggs in contact with sperm fail to develop into fetuses, and that the malformations we see are therefore the most successful of 'failed embryos'. This mechanism may permit the production of the damaged individuals we have to treat, but obviously reduces the number of abnormal infants born, as studies of spontaneous abortions have shown.
McKeown & Record (1960) define malformations as 'macroscopic abnormalities of structures attributable to faulty development and present at birth'. This of course excludes many metabolic diseases. If causes of malformation are looked for in man it is found that less than 1 % are related to single genes of large effect and around 4 % are due to chromosomal disasters of one kind or another, leaving the vast bulk unexplained. There are few established teratogens in man: rubella, thalidomide, radiation injury, folic acid antagonists and excess vitamin D ingestion in early life, and possibly sex hormones, depending on the definition of malformation. Low birth weight is associated with increased frequency of malformations of all types (Van den Berg & Yerushalmy 1966) but this is not very helpful in the search for specific agents causing abnormal development.
The large 'unexplained' group of central nervous system, cardiovascular and skeletal malformations have certain characteristics in common (for details see Carter 1965a , b, 1970 , Falconer 1967 , Edwards 1969 ) and these various genetic, socio-economic, seasonal and geographical points have been unified into the 'multifactorial' or 'polygenic' hypothesis of causation. In an abbreviated form this states that the predisposition to malformation is distributed normally in a population and there is a threshold above which there is a risk of developing the anomaly. The pattern of findings which might be expected for polygenic inheritance has been shown to occur with malformations of the central nervous system, heart and with certain musculoskeletal defects in man. And thus we come to teeth! A number of skeletal variations in animals are polygenically determined, and show dose-related response to teratogens. In the mouse, the third molar tooth is absent in varying numbers in different strains. In the CBA mouse, studied extensively by Grxineberg (1963) and ourselves (Berry & Germain 1972 , 1975 , Germain & Berry 1974 , the tooth is missing at different frequencies from the upper and lower jaws in males and females. From histological studies it appears that the basic abnormality is a failure of the tooth germ to reach a critical size before the 'bell' stage. Grtineberg has suggested that what is inherited in these animals is the size of the tooth bud and that a threshold exists below which it will involute. The similarity of the system to the human case is striking, and the possibilities for teratological screening intriguing. There is the additional advantage of the metric characteristic of the anomaly since sub-threshold effects, e.g. reduction in tooth size, can be recognized in addition to the readily observed end-point. Our experiments have shown that the expression of the defect is affected by inhibition of DNA synthesis and by various metallic ions, but not by agents which might be expected to affect the later development of the tooth, e.g. tetracycline and vitamin A.
Recent studies by Gruneberg (1971) on the tabby mouse, which has a high frequency of missing third molar teeth, suggest that all organs which arise by epithelial down-growth into mesoderm may be affected in the same way as the tooth, by some effect which reduces the size of the various anlage. It would seem that many malformations occur by virtue of effects on anlage size rather than factors affecting differentiation or morphogenetic movement. Perhaps in this system we have a way of investigating an important general principle in teratogenesis.
Polygenic systems in animals have already proved useful in the investigation of human defects, notably in work on facial shape in cleft lip and palate (Fraser & Pashayan 1970) . Our present knowledge of teratogenic mechanisms is pitifully inadequate; understanding of the ways in which teeth develop, may, perhaps surprisingly, help us a great deal.
